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for the treatment of aneurysmal lesions, are now being
adopted for the treatment of aortic dissection.8,9
However, the true efficacy and safety of this method have
not yet been clarified. In this report, we describe an
important complication following stent-graft repair of
acute aortic dissection.
METHODS
Patient selection. Patients with acute aortic dissec-
tion with an entry tear in the descending thoracic aorta
who met the criteria listed in Tables I and II were included
in this study. Fourteen consecutive patients (11 men and
3 women) with acute aortic dissection were treated with
endovascular stent-graft placement between July 1997 and
June 2000. The patients’ ages ranged from 49 to 75 years
(65 ± 8 years [mean ± SD]). Five patients had type A aor-
tic dissection, and the other nine patients had type B aor-
tic dissection. The interval between diagnosis and
stent-grafting ranged from 0 to 9 days (mean, 3.9 ± 3.6
days). The distance between the left subclavian artery and
the entry tear, which was measured with calibrated aor-
tography, ranged from 1.0 to 14.5 cm (mean, 5.2 ± 3.9
cm). The study protocol was approved by the Institutional
Review Board of our institution, and informed consent
was obtained from all patients.
Design and placement of stent-grafts. All patients
underwent computed tomography (CT) with contrast
enhancement and calibrated aortography. The diameter of
the stent-graft was determined on the basis of the CT find-
ings. A diameter 10% to 20% greater than the diameter of
the true lumen immediately proximal to the entry tear and
not exceeding the diameter of the aorta was selected as the
diameter of the stent-graft. The mean diameter and mean
Aortic dissection is one of the most catastrophic events
that can affect the aorta. The mortality rate in patients
with untreated acute aortic dissection increases by 1% per
hour, with 13% of patients dying by 12 hours and 21% by
24 hours; about 80% of patients die within 2 weeks.1,2
Current strategies for the treatment of aortic dissection
depend on the extent of dissection. When the ascending
aorta is involved, emergency surgical graft replacement
with or without aortic valve repair is mandatory, because
this type of dissection is associated with a high mortality
rate due to pericardial rupture, coronary artery involve-
ment, or aortic regurgitation. In contrast, medical therapy
with the use of vasodilators and β-blockers is preferred
when the ascending aorta is not involved, although there
is still some controversy about optimal management.
Surgical intervention is reserved only for patients with
complications such as progression of dissection, impend-
ing rupture, refractory hypertension, localized false
aneurysm, persistent pain, and end-organ ischemia.3
Despite recent advances in the medical and surgical man-
agement of acute aortic dissection, mortality and morbid-
ity rates are still considerable.4-7
Endovascular technologies, which were initially used
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Purpose: Stent-graft repair of acute aortic dissection has only recently begun, and the true efficacy and safety of this
technique have not yet been clarified. In this report, we describe a significant, previously unreported complication fol-
lowing stent-graft repair of acute aortic dissection.
Materials and Methods: Fourteen patients with acute aortic dissection underwent stent-graft repair. All of the entry tears
were located in the descending thoracic aorta. Five patients had type A aortic dissection, and nine patients had type B
aortic dissection. The entry tears were closed with stent-grafts, which were fabricated from expanded polytetrafluo-
roethylene and Z-stents.
Results: Stent-graft placement was successfully performed without any complications in all patients. Entry closure was
achieved in 13 (93%) of 14 patients. The mean follow-up period was 18 months (range, 9 days to 36 months). During this
period, four patients had saccular aneurysms in the proximal descending thoracic aorta. A saccular aneurysm was noted
during a mean follow-up period of 63 days (range, 38-99 days). Two of these patients were treated with stent-grafts.
Conventional surgical repair is planned in one patient. The other patient is being treated with conservative management.
Conclusions: Stent-graft repair is a technically feasible and effective method for the treatment of acute aortic dissection
in selected patients. However, careful follow-up is mandatory to check for the development of saccular aneurysms.
(J Vasc Surg 2001;34:513-8.)
length of the stent-grafts were 34 ± 4 mm and 7.1 ± 0.9
cm, respectively.
All stent-grafts were fabricated from Z-stents (Cook
Inc, Bloomington, Ind) and covered with expanded poly-
tetrafluoroethylene (Impra Inc, Tempe, Ariz). The
expanded polytetrafluoroethylene, which was predilated
with balloon catheters, was loaded onto the Z-stents and
was secured at both ends of the stents with 5-0 polypropy-
lene sutures (Ethicon Inc, Somerville, NJ).
The stent-graft procedures used have been described
in detail in a previous report.8 Briefly, a 5F sheath was
inserted into the left brachial artery, and a 5F pigtail
catheter was advanced through this sheath until the tip of
the catheter was located in the ascending aorta to serve as
a marker for the left subclavian artery. Then, femoral arte-
riotomy was performed after the intravenous injection of
heparin (100 U/kg). A Keller-Timmermans introducer
system (Cook Inc) was advanced through this arteriotomy
site over an Amplatz super-stiff wire (Boston Scientific
Inc, Natick, Mass). The stent-graft, which was loaded into
a loading cartridge earlier, was advanced into the sheath
with a pusher mandrel after removal of the dilator and the
wire. When the top end of the stent-graft reached the
desired position, the mean blood pressure was reduced to
less than 60 mm Hg to minimize the risk of misplacement.
Then, the stent-graft was deployed by pulling back the
sheath with the pusher mandrel firmly fixed. In the last
case, transient cardiac arrest with adenosine was used to
avoid misplacement. Aortography was performed immedi-
ately after deployment. If an endoleak was observed
through the entry tear, additional procedures were per-
formed during the same session.
Follow-up examination. Follow-up CT images were
obtained at 1 week, 1 month, 3 months, 6 months, and 1
year, and once a year thereafter. Aortography was per-
formed 2 or 3 weeks after stent-grafting. If any problems
were noted in follow-up CT images, aortography was per-
formed without delay.
RESULTS
Stent-graft placement was successfully performed
without any complications in all patients. One stent-graft
JOURNAL OF VASCULAR SURGERY
514 Kato et al September 2001
Table I. Inclusion criteria for stent-graft repair of acute
aortic dissection*
Patients have any symptoms of visceral or leg ischemia
Patients have persistent back pain despite medical therapy
ULP is enlarging during follow-up
The maximal diameter of the descending thoracic aorta is
greater than 40 mm
The maximal diameter of the ascending aorta is 50 mm or larger
*Patients who met at least one of the criteria described were included.
Table II. Exclusion criteria for stent-graft repair of acute
aortic dissection*
The distance between the left subclavian artery and the entry
tear is shorter than 1 cm
Femoral and iliac arteries are not large enough to allow the
delivery system
There are signs of cardiac tamponade or severe aortic regurgita-
tion (≥ grade II)
There are signs of ischemia of coronary artery or aortic arch
branches
*Patients who met one or more of the criteria described were excluded.
Fig 1. Patient 1. Aortography performed before (A) and after (B) stent-grafting. Entry tear (arrow) can be identified in the 
mid descending thoracic aorta. After stent-grafting, entry tear is completely closed, and false lumen is no longer seen (B). However, 
aortography performed 4 months later shows two saccular aneurysms in proximal descending thoracic aorta above stent-graft (C).
A B C
was used in 11 patients, two in 1 patient, and three in 2
patients. A second stem-grafting procedure was performed
6 months later in one patient because another entry tear
below the stent-graft was identified during follow-up.
Finally, entry closure, which was confirmed with CT
obtained 1 week later, was achieved in 13 (93%) of 14
patients. The entry tear was not completely closed in one
patient who had aneurysmal dilatation immediately above
the entry tear (7%). Complete thrombosis of the false
lumen of the ascending aorta was achieved in all patients
with type A aortic dissection. Complete thrombosis of the
false lumen of the descending thoracic aorta was achieved in
13 (93%) of 14 patients. Thrombosis of the false lumen of
the descending thoracic aorta was not observed in one
patient with type B aortic dissection in whom the entry tear
was not closed.
The follow-up term period ranged from 9 days to 36
months (mean, 18 months). Follow-up CT showed a sac-
cular aneurysm in the proximal descending aorta, proxi-
mal to the top end of the stent-graft, in four (29%) of 14
patients. Development of a saccular aneurysm was noted
during a mean follow-up period of 63 days (range, 38-99
days). The saccular aneurysm developed at the greater cur-
vature and away from the top end of the stent-graft in
three patients, and abutted the top end of the stent-graft
in one patient. Although all patients had a history of
hypertension, blood pressure was well controlled after the
diagnosis of acute dissection. The distance between the
left subclavian artery and the entry tear ranged from 4.5
to 14.5 cm (mean, 9.0 cm).
Patient 1. A 62-year-old woman was admitted for
severe back pain. CT examination performed immediately
after admission revealed acute type B aortic dissection of
the thrombosed type. Intensive medical therapy was initi-
ated and continued until she had severe back pain again 3
weeks later. CT showed conversion of the aortic dissection
from the thrombosed type to the double-barrel type.
Because her dissection progressed despite medical man-
agement, the patient was considered a candidate for stent-
graft repair, and stent-graft repair was performed on the
following day. Three stent-grafts were required to com-
pletely close the entry tear located in the mid descending
thoracic aorta (Fig 1). Follow-up CT performed at 1 week
and 1 month showed complete thrombosis and shrinkage
of the false lumen and enlargement of the true lumen. No
ulcer-like projection (ULP) or saccular aneurysm was
observed in CT images.
However, follow-up CT performed 99 days later
showed a saccular aneurysm in the proximal descending
thoracic aorta. Aortography confirmed the presence of
two separate saccular aneurysms in the descending aorta
(Fig 1). Because the growth rate was rapid (3.1 mm/mo),
these aneurysms were repaired with stent-grafts. Since that
time, the patient’s clinical course has been uneventful,
with no complications, including aortic aneurysm or redis-
section, observed during a follow-up period of 29 months.
Patient 2. A 54-year-old man who was being fol-
lowed up for an abdominal aortic aneurysm was admitted
for severe back pain. CT examination revealed acute type
B aortic dissection of the double-barrel type. The maxi-
mum diameter of the descending thoracic aorta was 48
mm and that of the abdominal aorta was 67 mm. Two-
step intervention was selected in this patient (ie, initial
entry closure with a stent-graft, followed by graft replace-
ment of the abdominal aorta at the site of the aneurysm).
Entry closure with a stent-graft was performed 8 days after
diagnosis. The entry tear was identified in the mid
descending thoracic aorta and was completely closed with
a stent-graft. There were no intraoperative or postopera-
tive complications, and the patient underwent Y-graft
replacement of the abdominal aorta 2 months later. CT
images obtained at 1 week and 1 month showed complete
thrombosis of the false lumen. No ULP or saccular
aneurysm was observed. However, follow-up CT images
obtained 72 days later showed a saccular aneurysm in the
proximal descending thoracic aorta. Because the diameter
of the landing zone was more than 40 mm, stent-graft
repair of this aneurysm was judged inadvisable, and the
decision was made to treat this patient conservatively.
Patient 3. A 67-year-old man was admitted for severe
back pain and shock. CT examination revealed acute type
B aortic dissection with rupture. Entry closure with a
stent-graft was performed on the same day. The entry tear
was completely closed without any complications (Fig 2).
CT images obtained at 1 week showed complete throm-
bosis and shrinkage of the false lumen and dilatation of the
true lumen. No ULP or saccular aneurysm was seen on
CT images. However, CT images obtained 41 days later
showed a tiny saccular aneurysm that appeared to be abut-
ting the top end of the stent-graft. CT images obtained
111 days later showed rapid growth of the saccular
aneurysm. Aortography revealed that the saccular
aneurysm was located at the lesser curvature of the proxi-
mal descending thoracic aorta and that the stent-graft had
shifted distally from its initial position. This was due to
expansion of the saccular aneurysm and compression of
the stent-graft by the aneurysm. Because no appropriate
landing zone seems appropriate, conventional surgical
repair is planned for the near future. 
Patient 4. A 71-year-old woman who was being fol-
lowed up for an abdominal aortic aneurysm was admitted
for severe back pain. CT examination revealed acute type
B aortic dissection. The dissection process extended to the
wall of the abdominal aortic aneurysm. Since the onset of
aortic dissection, the patient had continued to complain of
abdominal pain, which was refractory to medical therapy.
Entry closure was selected to reduce the blood pressure in
the false lumen and to prevent rupture of the abdominal
aortic aneurysm. Entry closure was performed 8 days after
onset without any complications. However, the abdominal
aortic aneurysm ruptured on the following morning, and
the patient underwent emergency Y-graft replacement.
She tolerated the procedure well and recovered without
any sequelae. CT images obtained 1 week later showed
complete thrombosis and shrinkage of the false lumen and
dilatation of the true lumen. No ULP or saccular
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Fig 2. Patient 3. CT performed before stent-grafting (A) and 23 days (B), 41 days (C), and 81 days (D) after stent-grafting. False lumen is com-
pletely thrombosed on CT at 23 days (B). However, a small area of protrusion of contrast media (arrow) can be identified in right wall of proxi-
mal descending thoracic aorta at 41 days (C). CT performed at 81 days shows marked expansion of saccular aneurysm (D). Aortography performed
before (E) and after (F) stent-grafting. The entry tear (arrow) is completely closed after stent-grafting (F). However, aortography performed 4
months later shows development of saccular aneurysm in proximal descending thoracic aorta and distal shifting of the stent-graft (G).
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aneurysm was observed. However, CT images obtained
38 days later showed a saccular aneurysm in the proximal
descending thoracic aorta. Because the growth rate of the
aneurysm was rapid (13.1 mm/mo), stent-graft repair of
the aneurysm was performed 4 months later since the first
stent-grafting.
DISCUSSION
Among type B acute aortic dissections, complicated
cases (ie, patients with aortic branch ischemia) are still a
challenge to physicians despite recent advances in med-
ical and surgical management. Some of these cases ulti-
mately require surgical intervention, but morbidity and
mortality rates are extremely high.3 Recently, interven-
tional radiologic procedures, including stenting in the
aorta, aortic branches, or both, and percutaneous fenes-
tration have been attempted, and their safety and effec-
tiveness have been reported by several institutions.10-12
The most up-to-date approach is entry closure with
stent-grafts. Using an aortic dissection model, Chung et
al13 found that entry closure with stent-graft is the sim-
plest and most effective method among the available
interventional procedures.
Another indication for the treatment of acute aortic
dissection with stent-grafts is prevention of the formation
of a dissecting aneurysm. It is well known that approxi-
mately 20% of medically treated patients with acute type B
aortic dissection ultimately have an aneurysm.4 Although
surgical resection is required in these cases, morbidity and
mortality rates are considerable because of the need for
extensive resection of the dissected aorta. Kato et al14
reported that patients with type B dissection in whom the
maximum diameter of the dissected aorta is 40 mm or
larger frequently have aneurysms.
According to the indications for treatment of acute
aortic dissection described above, 14 patients were treated
with stent-grafts at our institution. Dake et al8 treated 19
patients with acute aortic dissection by entry closure with
stent-grafts, including seven patients with ischemic symp-
toms. In their series, the 30-day mortality rate was 16%,
and there were no late deaths. In addition, there were no
late events associated with the aorta such as aneurysm or
aortic rupture. In contrast, four patients had saccular
aneurysms in the current series. It is difficult to identify
the reasons for the different findings of these two studies.
However, the small patient population and short follow-
up period in their series may have made it impossible to
detect late morbidity (ie, there may have been patients
with late complications if the patient population were
larger and the follow-up period were longer).
The underlying cause of the development of saccular
aneurysm can be divided into at least three broad categories:
1. Mechanical stimulus. The ends of the stents may tear
the intimal flap, as seen in case 3 in our series. It is
well known that the intimal flap of acute aortic dis-
section is so fragile that surgical treatment is chal-
lenging. Therefore, there is a chance that the ends of
the stent may press against the intimal flap, exert pul-
satile force on it, and finally cause a tear, especially if
the ends of the stent are not closely apposed to the
intimal flap. In addition, there is a chance that the
procedures involved in stem-grafting, including the
introduction of the relatively rigid delivery system,
may cause a tear.
2. Stent-graft migration. The anatomical relationships
between the intimal flap and the stent-graft may
change significantly after shrinkage of the false lumen
and dilatation of the true lumen during the follow-up
period after stent-grafting. Stent-grafts do not fully
expand immediately after stent-grafting. They
expand fully during follow-up and also shorten, to
some extent. At this time, the entry tear may be
exposed because of shortening of the stent-graft, and
blood may enter the false lumen, especially if the end
of the stent-graft barely covers the entry tear. In this
case, the blood cannot enter the level of the stent-
graft or below because the stent-graft is pressing the
intimal flap against the outer layer of the dissected
aortic wall. Consequently, only the part of the aorta
proximal to the stent-graft develops a saccular
aneurysm after the development of localized dissec-
tion. In patient 4 in our series, the stent-graft was
placed so that the top end of the stent-graft barely
covered the entry tear. Although aortography per-
formed immediately after stent-grafting did not show
any endoleak, an endoleak may have developed
because of shortening of the stent-graft during the
follow-up period.
3. Weakened aortic wall. The false lumen is completely
thrombosed in most cases once entry closure has
been achieved with stent-grafts. This pathophysio-
logic state mimics so-called aortic dissection of the
thrombosed type. Sueyoshi et al15 followed up 32
patients with intramural hematoma using CT and
magnetic resonance imaging. In their series, saccular
aneurysms developed in 12 patients, fusiform
aneurysms in 6 patients, and overt aortic dissection
in 2 patients. In their study, 15 ULPs developed
during follow-up in 14 of 32 patients, and 9 of these
15 ULPs progressed to saccular aneurysm. As a pos-
sible explanation, they hypothesized that hydraulic
stresses may cause a new intimal defect in the aortic
wall that has already been weakened by intramural
hematoma because ULPs are most frequently
located in the distal aortic arch (a point of great
hydraulic stress). This hypothesis may also be
applied to the development of saccular aneurysms in
the distal aortic arch after entry closure in cases of
acute aortic dissection. The mean time period for
the progression of ULPs to saccular aneurysm was
47 days in Sueyoshi et al’s series. In the current
study, the interval between stent-grafting and
aneurysm development was 63 days. The time peri-
ods determined in both of these studies are relatively
similar, taking into account that the patient popula-
tion in the current study was small.
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For one to avoid the possible causative factors for the
development of saccular aneurysm just described, (a) stent-
grafts should be placed as close in apposition to the aortic
wall as possible (ie, the entire stent-graft should fit the cur-
vature of the aorta); (b) stent-grafts that cause less damage
to the fragile aortic wall should be used; and (c) stent-grafts
should be placed so that they close the entry tear with a
sufficient margin at both ends including the entire proxi-
mal portion of the descending thoracic aorta.
There are no reliable factors for predicting the devel-
opment of saccular aneurysm after entry closure with
stent-grafts when the weakened aortic wall is the main
cause. However, it may be helpful to closely follow up
patients with acute aortic dissection treated with stent-
grafts, for example, to evaluate the aorta with CT monthly
for the first 3 months, because aneurysms were found to
develop within about 3 months in the current study.
In nonemergency cases, stent-grafting may be post-
poned until the intimal flaps become stable and show
fibrotic changes in the chronic phase. It is reasonable to
treat acute type B aortic dissection with complications
such as aortic rupture, aortic branch compromise, persis-
tent pain, and growing ULPs. However, stent-grafting
should not be performed simply to prevent further devel-
opment of the aneurysm or to avoid the need for extensive
aortic surgery in patients with type B aortic dissection
whose aortic diameter is 40 mm or more.14 Although
stent-grafting may still be helpful in these patients because
it may reduce the risk of aortic rupture in the acute or sub-
acute phase, alleviate patient anxiety related to aortic rup-
ture and progression of dissection, and shorten the
interval between diagnosis and a return to normal daily
life, it is unnecessary to treat these patients in the acute
phase. Nienaber et al9 reported their experience in the
treatment of chronic aortic dissection with stent-grafts. In
their series, no aneurysms developed during follow-up.
Although no definitive conclusions can be drawn from
their study because of the small study population and the
short follow-up period, similar to Dake et al’s report,8 it is
possible that the development of saccular aneurysms tends
to be less frequent in chronic cases than in acute cases.
Stent-grafting for the treatment of acute aortic dissec-
tion has just begun, and there are few data for assessing its
true efficacy. It is acceptably effective and can be useful for
the treatment of patients with complications. However, the
possible development of saccular aneurysms in the early
phase during follow-up must be kept in mind, and close
follow-up with imaging modalities such as CT should be
conducted to manage this complication before catastrophic
events occur.
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